THE APPLICATION OF STATISTICAL METHODS OF QUALITY MANAGEMENT BY GMP+ STANDARDS USING FERROMAGNETIC MICROTRACERS
Introduction
The signing of the Agreement on the Association of Ukraine with the EU allowed domestic producers of agricultural products to enter the promising European market. As it is known, this market is characterized by a high level of competition, and in order to occupy a worthy place in the European market a high level of quality and safety of the products is necessary. One of the certification systems that ensure the production of products whish are corresponding the European quality and safety standards is the GMP+ system.
GMP+
(Good Manufacturing Practice) certification is a quality control system which is designed to ensure feed safety and provide a guarantee to the consumer regarding the production, processing, trade, storage and transportation of feed ingredients and animal feeds [1, 2] .
The GMP+ Feed Certification system is based on two modules:
1) The main module associated with ensuring the safety of feed in all parts of the chain of production and supply of feed (GMP + FSA-Feed Safety Assurance module).
2) GMP+ FRA module (Feed Responsibility Assurance), which includes control over the use of prohibited ingredients, technologies and assessment of the impact of production processes on the state of the environment, animal and human health.
The documentation for the GMP+ certification system consists of four parts: A, B, C and D where the most important is part B.
Part A is a set of documents consisting of 5 standards, which describe the general requirements for participation in the GMP+ Feed Certification scheme.
Part B includes normative documents (documents of group B), and also annexes (documents of the BA group), notes for European countries (documents of the BCN group). GMP+ B1-B10 standards relate to the area of production, trade, transportation, storage, cultivation and laboratory testing of animal feeds and feeds components, taking into account pet food.
Part C contains documents describing the requirements for the GMP+ certification scheme.
Part D includes documents that are guidelines aimed at helping companies implement GMP+ requirements.
The main standards of group B consist of 4 parts (all versions dated 01.07.2018):
1. Part of GMP+ B1: a brief description of all stages, the full description of which is given in the next three parts; 2. Part of GMP+ B2: a description of all stages of production; 3. Part of GMP+ B3: description of the stages of trade and storage; 4. Part of GMP+ B4: description of the stages of chartering and transportation.
The method for assessing the quality of feed mixing is presented in the GMP+ BA2 standard. Requirements for GMP+ certification are quite strict for all elements of production and, especially, for quality of feed mixing. The feed manufacturer who decided to undergo the certification procedure must check his equipment on the quality of mixing.
The process of mixing is the most important stage in the production of high-efficiency mixed-feed products. Mixing of loose granular materials is a very complex process, where the mixing components are distributed random chaotic movement of particles. In this case, some parameters of the mixing process depend on the technical features and parameters of the mixer, and other parameters are determined by the properties of the mixture components themselves [3] .
The multifaceted nature and complexity of this process and its relationship with other technological processes stipulate the fact that the mixing process will be studied and improved for many years [4, 5] . The mixing process is carried out in various mixers, differing in type, mixer shape, process parameters, etc. The purpose of the process of feeds mixing is obtaining of uniform feed mixture in a minimum period of time in order to maximize the efficiency of the process. Inadequate mixing of feeds ingredients can lead to an increased concentration of toxic components in the mixture, as well as minerals and vitamins in some feed particles or deficiency of these components in other particles. However, there is a danger that excessive mixing can lead to the segregation of ingredients due to the formation of a static charge which is inherent factor of processes of sifting and mixing of the feeds [6] .
One of the first analytical reports demonstrating the effect of poor quality mixing of feeds on animal productivity was prepared by Mc. Coy and others [7] . The researchers concluded that depending on the mixing quality analysis method used for the achieving of the maximum performance of broilers, a variation coefficient may be admitted up to 20%, that is twice higher of permissible the current recommendations for the American industry [8] .
In recent years, the requirements for homogeneity of mixed fodders have grown in connection with the complication of their formulation, which contains an increasing number of components. It does not really matter if the ingredients fall into the feed directly in the mixer or they are added to the feed within premix.
Materials and methods of analysis
To control the quality of feeds mixing in the workplace, homogeneity tests are applied using various indicators or tracers, for example, fluorescent food colorings [9] . As tracers, modern techniques involve the use of substances such as chlorides, phosphorus, calcium, manganese, cobalt compounds, and also vitamins, amino acids, and medicines. At the same time, the definition of tracers in feeds such as vitamins or medicinal substances requires the availability of expensive equipment [10] .
The American company Micro-Tracers Inc. (San-Francisco, Calif.) [11] is the only manufacturer of ferromagnetic microtracers currently available and has numerous patents on their use in such areas of agricultural production as product quality assessment, labeling of feed components, control for crosscontamination and assessment of the efficiency of the mixers [12] [13] [14] [15] [16] .
Ferromagnetic tracers variety [11] are particles of iron or stainless steel on the surface of which, the food colorants of various colors are adsorbed. The most common tracers are Microtracers F, which contain about 25,000 iron particles with sizes from 150 to 300 microns. These tracers are used widely in the feed industry to ensure the quality of feeds mixing for animals and poultry during the last 20-30 years. Additional areas of application of these tracers include the marking of vitamins, mineral supplements or medicaments that are added to premixes, which allows them to be found in finished feeds. In quantitative analysis tracers can be used not only to determine the effectiveness of mixing but also to assess the adequacy of periodic "cleaning" of mixers and other equipment in the production of feeds.
Currently, tracers are used by companies in many countries, for example, for testing static mixers [17] , to determine the presence of hazardous impurities in feeds, such as, coumarin derivatives -ochratoxins which belong to the mycotoxin group, in particular ochratoxin A [18] , at constructing of professional testing programs in accordance with standard ISO/IEC 17043 "Conformity assessment. General requirements for the verification of qualifications" [19] .
Considering the possibilities of using ferromagnetic microtracers for estimating the quality of mixing, a number of publications [20] [21] [22] [23] [24] should be singled out, in which the approach to estimating the homogeneity of the mixture which is based on the use of the Poisson distribution in combination with the Pearson Chi-squared test is substantiated. Although the statistical theory underlying this approach is unquestionable, in our opinion, it would be useful to observe some of the practical aspects associated with the use of ferromagnetic microtracers to determine the homogeneity degree of feed mixtures.
It should be noted that the GMP+ standard distinguishes between direct and indirect methods of estimating the quality of mixing. The first one is based on the principle of particles accounting and when it is used the calculated value of the coefficient of variation can give incorrect results, starting with large values of probability on Poisson. Indirect methods for measuring homogeneity are based on the determination of the concentration of matter. The use of these methods leads to results that are interpreted as a random distribution, i.e. homogeneity is determined by the coefficient of variation in fact. Requirements for homogeneity of mixed fodders in accordance with international GMP+ standards are presented in Tables 1 and 2 (see [25] ).
In our researches (see, for example, [26, 27] ) ferromagnetic microtracers were introduced into the mixing equipment as one of the micro additives with the recommended dosage of 50 g per ton of mixed feed. Then, with the help of the rotary detector [11], the particles of the microtracers were separated from the selected mixed feed samples and their number was counted.
In order to process the data which are necessary for the statistical evaluation of the mixing quality of Unsatisfactory mixing multicomponent feeds that is based on the estimation of the distribution of added particles -microtracers, we used the requirements of one of the annexes to the standards of Part B -GMP+ BA2 -Control of residues. Table 3 presents the results of checking the quality of feed mixing with using microtracers which are based on this standard. The following statistics were used for the assessment:
Results and discussion
• the average number of particles, m;
• standard deviation for the number of particles, S ;
• the distribution of  2 (chi-squared); • probability of particles in %, as an indicator of homogeneity, p. In the method p 1 the number of degrees of freedom was determined by the formula: r = n -1, where: r -is the number of degrees of freedom, n -is the number of samples taken (sample size). ). Although the difference in the probability values in the case of different methods of estimating, depending on number of degrees of freedom looks significant and in fact it is not critical. This conclusion follows from the fact that in all cases when p > 5%, the mixing is considered complete (GMP+ BA2 standard).
From the results of the studies shown in Table 3 , which are based on the statistical data of the standard and the data of the microtracers producer, the following conclusions can be made about the quality of mixing:
1. For high probability values with respect to the Poisson distribution (p > 18%), both calculation methods show complete mixing, Table. 3 N 4 (р = 5.59% and 2.65%) or N 5 (р = 1.21% and 0.50%), there are significant differences in the results of using both methods. In particular, in the case of N 4, using the same initial data, the results of the statistical calculation according to the standard show the value p = 5.59% (i.e., complete mixing), and the calculation from the manufacturer of the microtracers shows a p value of 2.65% (that is, intermediate mixing). In the case of N 5, a similar estimate which is based on the results of the statistical calculation according to the standard shows the value of p = 1.21% (i.e., intermediate mixing), and the calculation according to the microtracers manufacturer shows a value of p = 0.5% (i.e., an unsatisfactory mixing).
If the test results show incomplete mixing, the GMP+ user must: 1) report possible causes; 2) carry out corrective actions; 3) perform a new test to verify that the measures taken lead to complete mixing.
Conclusions
1. This article discusses the advisability of using ferromagnetic microtracers to quantify the quality of mixing of feed mixtures. The experimental data processing technique, which is included in the GMP+ BA2 standard, is based on the application of Poisson statistics and the calculation of the values of the Pearson criterion chi-squared.
2. It is shown that the use of different methods of estimating the number of degrees of freedom, in most cases, does not affect the conclusion about the completeness of mixing with the probability estimate using the Poisson distribution. DLA 23/2016 
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